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(54) LEG TYPE MOBILE ROBOT AND CONTROL METHOD FOR ITS MOTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To generate dynamic and 
high-speed moving operations of a leg type mobile robot 
more than in its normal walking motion by allowing the 
robot to put on roller skating shoes. 
SOLUTION: This robot is composed of a lower body part 
consisting of two movable legs and a trunk and 
generates various motion patterns by controlling the 
whole body motions using the lower and upper body 
parts. A sliding unit having a specified sliding direction is 
removably attached to the bottom of each moving leg, 
and the moving speed is maintained by putting the sliding 
units approximately identical to the sliding direction 
while the moving speed can be braked by making 
different the sliding units from the sliding direction. 
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(54) [»i»0««ic] 0K>fi^D«y hKC»E-<Ottf^itl!r«:»t£ 



(57) tS*«j] 

l$IiS«t C i K J: -5 r«;«»a$ffi*ltUJ!l)'r i C t *i 
•car*. 




l^jcm 0 tor c i k: J: o rfiniiKif^^ls^iTi c i «r 

±^{cBBIft3ti/t±«ti-C«/SSn. Tlft©jlSI)«:J:») 
*IC|i3Ef;ffir*or, i(ri3nI86ll©iaS«T«a«:i*»f5£©» 




imZOO 1 -1 38 27 2 
2 

Iiri2«l3tai:v h©?&^|fil*8trfaiaiS5^«injJ<f h© 

(cia«S©|iiij^Ma>K9 h©ttf¥iiilKiiP:^. 

air S J: 5«c«9ffl«-4:x5' 9 :/««^t*C i*«F»ir 

8 {ciBtt©ws5^sgin 7 h ovbrmm^. 

1 1 ) 36{C. il><c< i t> 1 o©nJKlJSW©»^ 

itit, h©?t^5Efrsi4«»B)»i3Ci^«)nji<'? h©ittf::«ri^ 

tcSlXr i J: ^ KSWE-r i i i t (c^ Bj|6W4a:^r (cKt 

■5Ci*»air-5W*«8«:Sa4l©««:«f«(|0«Ks» h 
©«ttmilHi8l:Sri£. 

1 2 1 S il>nc< i *> 1 -:>©?J«,]»©?ff^ 

ff35nSl{C3flJX-r i J: 9 KHS&r 4 1 1 *»{CKBlllti«l«« 

4Ct*#8tir-5lll:«3S8{cia4S©J»5S««(njK^. h 

©ttffiKtaiiT^. 

[W^i3] secc. zMP«iiia««^«:j:oa(riaw^ 
(is*s 1 4] mum^nnni'j k w. ijia±«:©« 

ffi*ftW*a©iJ>tt< i fc 1 o©ia:^tcS-3i,>r. ZMP 

[ooon 

jK* h©y*^XA«c«^»). il^K:. t h-?>-y;HQc^©JW 
SOiKi» h©->'35;:iXA«:K|-ri. 

[0002] Etci* i/< ». ■€-n^'n©«ia& 
W3^$^2^a^eifi^f^«ts»M«;cc» 0 isuiiff r % c i 
{c J: 0 fmttiiii:^^ if - >«§iJB-r * c t *i"c« swa: 

Jc. &<r©BjS6JWi«:ia-9 • ;^^r-h«t©J:5)a:*tjfea 
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(0003] 

«. P«K» h36i#SLJSi«>A:<D» 1 9 6 0^f\a5*>6T 

tj:^<Dmmmu^v hdndustrlal rob 
o t ) "C^iofco 

[0004] mi&Vit. fc h i*<D 2 SaSE^tT 

(0005] mW. «fM¥3 - 1 8 4 7 8 2-!fii«(C 

(0006] fc KD^#y *-XA^Itlf^*x 5 * U- 

^L/<» TAWMj ©OjJ<?F h (human o i d r 
Ob o t) AWSJOjKi' f-W. *}S3£ 

[0007] Af&m^OiitMSimamttiitxyiiy V 

*ws« • Pi^f ^sn*. m»OT©2o<z)ta^*>6 
[0008] 1 ott, Arai^^WfttH^r**. -rat} 

:*ct»tcS7c-r * c A iji-cit -5^*55. 
[0 009] fe^iott, Affl©/^-^:^-i^r^^g 

*3S:S-rs. ^ftto^ttS«*ccHac!>B«^?£J:©«^ 
fti6E;c*jC:^iAlJ<JStt©35a8*fT5P#:r hOMfSr 

ft^®tc*ji»T, Ara*'?.SfFb»)ftjW6fB'5r«:ffltt®*B 

3t-r«Aiigx»{s$i^<z>fij£:i^«^SL. etiesr^ 

i>-^ifi, AMi OjKi' hi©XA-Xft3 5 *:iir-j/ 

[0010] 0||^». IS^'C»ft6fti»l9#el«}ltttft : 




(3) «Fra200 1 - 1 38 27 2 
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mrii^ft*!^. i'a-^-«4»4j5l^a>ifv KOO:^ 

(ciftA4*i#)&ia^i^< a^fltji* urv** J: 0 fe. 

Hi;J:9ft*S»«rl/-C(,»« 2jaiMf otK?' KD^STsWa- 
>No. 25. 1 9 OSAPR I L) *#MOCi) . 

•e AIal®ffi3Si^<D(3t<!:^<i^^^AlH^*s^o?^fi8•^> 

(0 0 1 1] AM^uJjK^^ h^ffia&Oloib-C. 1^ 
{cw^-r-5iif«»!ijru*>ftl». 

immts) . Beiift<ir<D@Ais««iiRBbx«^-r« 
ar**»fti,>. 

(0 0 1 2 ] Asmuiniv v<om>m^t{^x. 

«f^ll©«ffftifO^«3lEatt»9<t»)t. 5HglSP& 
S. ^ftiDfeAiaii® r^j ic>5ffi^*iW6*i 
c©«<ooii<5» hj*, t f>-?»tfji'ft^o2jaoiiLSi 

ji5C»iaSili6^«x5*|x-hr4J(5U:. E3/S4ffl<r»fc»l 
A*3nyt8&f^^<if->**{C,4lS|{cSlffr5ySlt"C» 

ft<. m^<ommpmL < r3gJi>*j i*> rob^j . 
riin<j ftir) tenuis uyt. ^fr^^ACfcHMt^* 

[0013] ef{CS»i<DJ: ^(C. A(*{i»5<DMS5^ft 
t>^»W«:±si*a*ii*rui. |!B»Jft< t h«cifi 



m 
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i!>J5: < i fcS 1 ocpr ^ * X - 3^ SSBIft-r «.il2«3&i* 

[00143 c<Dfcib. AWJ: *) t»»iS3!P«:it>!5c(,»a+ 
[0015] «ttft£<DJ:!>tC||^1$«^IS 

[0 0 16] 2jsiiai:^f*tf 5jwis:^a{ici>J<f 

[0017] 2ja*tftt:J:4«iSCI^*tf^ 4r-f :/©o 
[0018] i^tfi^Jctt. S;*?<timfaaft«c#«:or^ 

rzMP(Zero Moment PoitiDjifi 
[0019] ui^v KD3cS*tf«:M-r*tlSg<D*< 
ZMP*i«5«:»r3< 2 SiMf >*JSS«. ja 

[0 0 2 0] mi;r. 4$n¥5-S0 55 7 94»^tC 




(4) iNFPS200 1-1 38 27 2 

6 

PI^(C|SiKCD^|f«ll|iP^S». ZMP (Ze r 
oMoment P o i n t ) -Tttto^i^tfr&i*© 

[002 1] «FR|i|t5-3 05 5 8 l-^^JtatCSB 
m) rtSB. Xtt. 8tfRI^«cZMP36i3m^®«J 

[ 0 0 2 2 ] */c, !^H¥5 - 3 0 5 5 8 3-^4ia«: 
». Jlf^|»P)i<9 h<^«7SlSC«ZMPS«lifl[j»Cj: 

mcist&<om^»a^v hit. f^itss&stiicim^^ 
. f'-ar«^t». zMP«eaffla«c-«stf& 

J: ^ KWaSMffi^lBtt-r S i <!: 4) fC. ±«:<!W^**ia 

20 '-3r©iit*iai'iSffi«S05r«J:^«cbri,>«. cote 

1 0 0 2 3 ] !^ga¥5 - 3 0 5 5 8 5-^«ltC 

m:^W}U:iiy i>©«l&^S^ZMPg«(£^iS(cJ: 

moBi&com^tbn^v zMPa«fijsisis9 

30 **fc{*jR55f*|gtt^«*>, XB. ZMPB«<fta«fc 
[0 02 4] 1$Bi¥5-3 05 68 6#5i«MC 
fRtC8Btt©JI»3f^l»a>J?9 h\t. ZMPm9&!m*ty*) 

40 [0025] 

(I6?8*jjg9it<fc5«br«s8ia] ±mLfcj:'>icmsm 
tmo^y KomftmcmLxa. zMP*«j£ffi*u 

[0 02 6] i^ntbmmm^n^itt^v 

50 »f*»6©«Cflf»»)«ftl^fcWS»*PiKs»htt1^*-h^ 
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[0 0 2 7] tfc. i^at-f'-Oy^HfiJWCDAiaiM 
a^vhom^iica. -^tf. i>f>:fi3:i:. AM 

[00201 Se3fe<DJW^tt05j<i» h-CW. ^<DU^m. 

^Mci)Kvh-C». «;^ttaj&»2. 0 Km/he 

(00301 f ^^i^CDSftf^ta^tf^CiKJ: 

tfjajJ^f h" T I TAN" (Proceedings 
ofthe 1999 IEEE Internati 
' onal Conference on Roboti 
cs & Automation Detroit, 
Michigan- May 1 9 9 9 ) >*t^lf 

i»L.rt>«:C». T I TAN»*J:K*6^;'^:«RS 

[00311 4:«ii9<Daw», -en-en<t>iiij»ww**sfl5 
2i^cicfSisettff ««;sfa«;(c«i oiSb^-r-s c & tc J: 0 m 

(0 03 21 3jc«MCDJg/i4SW». a-5-->^^- 
(00331 

(iiUa«j»9l^Sft:i&O^IS&C;!f^Ml ;^#6I1I9». ±ts 
{*. 2«i:©ir«lJ«l*>6nt*TKi. BrFlft©±*«:i3 




(5) «fM2 00 1 - 1 38 27 2 

8 

(0 03 41 CC-Cm^f&^a:::!? hitt, /tijt«. 
[0035] » h tt. 0ll*tiBj«((iWlK:*ft/-CJt 

[0036] » h«. »jfc5n$I{C»ofcaMf36r 

rSJK:«ai^^ms[:^;^:<!^c!>fi^^*l*»*>6<tl>. c<dic 

[0 03 7] L/cJ&J-^r, *»W«:15S-5Wl^afrOJj<v 

[0038] JWS^ttajJ* » h*»-aKZ>»3tlttf^*tf-» 
rir>S»riai4i. *IK3P*®«. ZMP«i!»*(Iffli{cJ:*)§S» 

[0 03 9] WSI^adPJKy hW. 5i5tC, gtrlB 
(00401 ;t:^<D^2 <Z>M9». 2lsJLt<OaJ 

so hmststixisf). tiifmitsi^^^hmuimmtc 



m 
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h © ittf i5crftffi*gHK-r « C i K J: -5 -C 

(00411 fijia«ijt3.i. V HtsmmimicMvxm 

[0 04 2] SA:. mtf^lim:mits $6iC. #lTSil 
( 0 0 4 3 1 * A:. teSllf¥lt««8i:«rffi«. S iJ>tt < 

[0 0 4 4] «ytv ®atofPfl(fiai:;&i*w. ^etc. :^>]5c< 

[0 04 61 te«»fP*lHai:^». $6{C. ZMP 

[004 6] itrsaiw^ttPiKy h». itfiaJ:** 

1 ooU^CCS-^b^-C. ZMP«UE»$8SIKC<l:0l?^^ 
[0047] :»:|&ii9C[>3 6(C«!tC!>Sd9. ^-^^tt, 
[0048] 

[ 0 b 4 9 ] H 1 R.zfm2 {cj**»woj^«:«sn4 

AM3^X»AIHMaiK» h 1 0 0*KWRC^a*©S* 

[0050] 3mifi09«:*R4AfaSa jK;* M 0 0 tt. 
Wa^JCP-^- • h2 0 0* 

• a-y h2oo*«#-r*aHP*mL/ri,>*. a-^ 

' Xir~^f^>if' zL^v h2 00». jajSCOSffiK: 1 




4$IB2 0 0 1-1 38 27 2 
10 

[0 05 1 ] laSKn^T^^tC. AWSniKsr H 00 

■5. fl&:i?, o-^ • y.'r-f'-d^tf ' h2 0 0© 
ja¥±B{CW, ^2 0 1 A"r4:tf K • u- 
Jl'2 0 2*«?gH3t»rt»«. 
[ 0 0 5 2 1 ^tf-f K • U-Jl'2 0 2©lf APifi«5K:». 
^1^©;^ h 7''^'2 0 3;()iJS7©±1B;&>6mi9>S&(CB5 

»snri>-5. laatcin'rjr^tc. ;^h-?-'S2 0 3*ia 
©fi&©je¥3.- h tmoii-LiSjgS'r i c i^j^itB 

2*J;^9 a^2 0 1 *^{CS?Sl/fcttt8S-CX F t»-'>'2 
0 3*«^«c5^tasii4Ci«:J;0. o-^-x^r- 
^?-4>^- jLiiy F2 004WaJ3i^> F©it««:H3e 

[0 0 5 3]H5K:W. 0-9 • ;:^4r-f-^ jlj:: 

» F 2 0 o«cjR»)#w6n*:ttffia««coi>ria»i/"r 

a— 5 • 7.*r~ Y<Di:'!>u^i(im^^vmxmm 

i/rv»^30»93&»©s^iii[S4. mtAi<imtmsL^m& 
[0054] mM<owimwxm\^-c\%^ v^i^p • x 

Avf-2. 1 lAiFd'2 I 1 B*ffll,»r|ftm-r*Ci*« 
"TiScto^, sm{c<t»)JE¥«:njJ<y Fl 00© 
SffiAlElttnSll. ja^^iittf Fi'2 1 1 B 

i^^iAi'S) CiK:j:r>T. P • X^5»9=-2 1 

lB*Jmttbr. «i6©W*8**ia^4Ci3W'C»«. 

[ 0 0 5 5 ] ite, «;s63iK«:MOrtt, p-9©«ffi 
(c^tnasnAixva-ar (inigiAfflit) 2 1 3©ffi^* 

ytiai®»iP-^©R^©S«:J:»)^J&*36*^*>D. ^ 
im^l^i^rl^^r ^ C £ (C J: 0 $ 

[00 5 6] ia6Siy'07«C». PISJCP-^ • X-Sr- 
l^9 '3.:^vV2 0 0*ffiO#l:tfcAraSPJKs» F 

1 0 o*JKffi%?i*-r-5«)fP*ir^rsy^35r©&Af 3&>6 

[005 71 06KC;ia7*B'Cfe^*>4J:^{C. X^r 
^PiK9 F 1 0 0©iAE»9igLh«>6«>84^3nyt]i6 

f^aafflrt-cfts. m>»iLti«, p-^-x^r-f-^^ 

. rti, F2 0 0*PJHy F 1 0 0©«^©hJ«iWK: 

7 F 1 o o»y^:^ 5 ^ tf-cissajf jfr*t>fe^«i«» 

F 1 0 0;&it»j£«W¥«^9yhti>©^^#jitt/S jr'><D# 




XL 

(0 05 8] laSCCtt, C<DAMMtli^v h I 

m^omt). Atmo^y h i o ott. 2*©fiswiffl[ 

SUl =&#t?±i*<t. i@P«iltti{lF*ll3S-ri2:*:<Dffil8IJ3&>6 

[0059] raSUl *3^t-5«MfiiS». #MliI3-« 

[0 06 0] SBHSUtt. WKfiift9 9^«8i. W 
MfiSP-JHA9i. ±«4a-ttl0t. frMISe^.^tt 
1 li. ltBl3-ttl2i. #mMfilft7?-Wl3i. 

SB 1 5 W. SQ^fCtt. «8fc*:©}g*^tf|fW0 • * 
10 06 1] tt^l^i' 9^145 i> 

[0 06 21 *A:. ris.iim'ntEm&*i<ommt. 

tt2 04, P8g5a-A'«2 li. JSai (J1I8) 2 2i"C 
^/jJEStii. flSMfiiil^irg^Wl 7 4/iaMg5n-;H4l 8 
©3£^W, ;*^«S|{c{^4ciiKf h 1 OOOHaMfiSflffl 
*««l^4«><Dir*. A^fOfiSP (ISS) 2 2». H 

[0063] «±*i|gJSm«. AIBIS 
cuKsrHOO^itz-Ctt. ^Sl-C3 + 7x2 + 3 + 
6X2 = 3 2B*S?&WT4Ci«:tt«. iiU 
— ?- ^ :^ h FajWOAHMci jK 9 H 0 0 imfO 
3 2aSKtc|!B3£3tiSff?-C»&l». IStf • i!(f¥±©tll 

[0064] ±a!Lfc4:5&AiaiMn'K:' h 1 0 0*i^ 




(7) iNfM2 00 1 - 1 38 27 2 
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j!!E(cais$tiTi,)<s4$iiiR7 1 1-3338 enmmsic 

[0065] ISI9K:». AM3Sa>K9 h 1 0 OOiUKSI^' 

Awaa f n 0 0 t h ©Egte%sJi 

JL-9h30. 40. 50R/L. 60R/Li. StS 
hiai©ffiil»tlf^€rl^r^;^it>©jeut«f0P«ff 

hsoir^fixsn* (fit/. Rajy^L© 

10 «). 

[0066] AMS!ta5J^f h l o o^<*©a!»m*. fiitai 
:x^7 h8 0(C^o-C«^dt){C$|liP$tl£. mm:3-^'9 
h8 Ol*» CPU (Cen t r a 1 Process! 
ngUn i t) ^'yzf^jt^v . 9- v zf^O^J^m^J 

«iSi^ia^ajJ<9 M 0 0©S«iiRS3Ri©f'-iJ 

%^*^^AiS2I|gK8 2 <b-c«»fi83n*. 

[0067] :*SlfSS«^t?«. «ai^a«. PJi^y h 1 0 
20 0 « e:ftfi«l(aBM^«/i:at>©/t 9 f - ;&$^:^«|Jifi (B 

AfflSpjK* h 1 0 0 <mmt^tj:nwi^it. 
a A:. #&tf-?»-e©flk©±js«:^«>:fcsa©a«ii^ 

tc. ®Ser-rrjl/4©^^4#fifrSie®*JjS:<«cO. 
l(miil^S&fm%dtr«if^©$Q1l!P]»s^{cQr^. 

[0068] meicmi'tcxii^v b 1 0 ort©SKg5e 

iisn*. -rmct)^. iMSpax,, h3o«:«, miwgsa 
30 -W2. ■irRISts' 9^1*3. •irM®a-juf44©SA?* 

[0069] «:$^8Sa- *. h 4 OtC», «:»tr v 
9^«5; «:|^o-<;l.tt6. i*#3-l47©^^*^-r 
««*^t,r9^«ri'9^»x-3xA,. i*:|?a-Jl.Wr4' 
9^*X-:J»A,. *S^3<-ttri'f^aX-irA,3&J-e-*a-e 

[007 01 JWBPaxy hSOR/Ltt. ±i8a 
40 ^-y h5 1 R/Li. WMfiiS:!---' F5 2R/Li. M 
Wjl-:? h5 3R/LiC|fi|^k3n4*i. WMfiSty?^ 
tt8. JfMi5n-;H49. ±JW3-W10. WMfiJSl^y 
^Wl 1. »tH®a-;UWl2. ^©M® t 9^fa 1 
3. ^mMlllP-JHiSl4©^^*^3«f-5WWfii!i^v 
9^fl4T^9^aX-*A.. WMfflO-JHari'^AX- 
*A,. ±fil3-ttri'?aX-3rA„. WM»e9^ 
WTd'9^*X-^rA„. WMI!iP--'l'*4Ti'?^*X-ar 
A»., ^mMfiSl^i'^fllrt}'9^*x-irA... ^WKfSi 

a- juft T 4' ^ a X - * A, « *i-eti-e*iiB«snrt> 

50 
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( 0 0 7 1 ) )W853.-7 h60 R/L«. :^SI5 
ajir. he IR/Li. JBfJLit* h8 2R/Li, SSK 
9 f 6 3 R/LKttl^kSft***. JfiMfiSa-tt 1 

Ax,, fi^MfBstr^^fiiTf ^*x-a»A,.. fiitMas 
o-jwftr 5^ * X- *A„*i-en-eni2<i3 tiro 

[0 0 7 2] Sri'^AX-irA,. A, -». J:0»* 
(0 0 7 31 Saattxy h3 0. *mg^X9h4 0, 

x-,f.«{c. r^^^cx-^rigi&foffliflaosisoffliajs 
5. 4 5. 5 5. 6 5*i-€-n*niaigsnrv>*. 36 

»^a.x y h 4 0 rttctt, §l^*fHWr «§g»-fe :/•!^ 9 
[0074] *Sg8fiWCtt. ^S?H2>t^9 3 i briWil 

tC. V^i»0 • »f^2 1 1 AZiCf Ki'2 1 1 BOM 

*^to-«f-c«fiR3ns. ^Jl«^a■^2>•!^9 4. 9 

5©S<r». ;^-Jr— 3.X:» h2 0 OCDn-^ 
ji8liK:#l9Snfcx>3-:5r2 1 3 (.mmk\m) tcJ: 
r>r«liSSni. ««HI88-fe>1f9 1. 9 2<Da*(Cj: 
0, fifi2 2<D$mKCI«E)^IBI, 0(r»-C»»d(ax 7 

r**. »^tarorc»*wajax,,h©x> 

3~ya**a?ffi-i-«Ci"C. niK^ h 1 0 0®»3tiS 

[00751 ^ftOfflieff 8 0 », «-b>1^9 1 ~9 3<0ta 

-cari. J:0«<*fl«){Ctt. H$ai!Pg53 5. 4 5. 5 5. 

h 1 0 0<D±K, SCJfrK©fi5IBl/A:»f^*|^ 
•r4Ct*it?»S. SftOaigpS Itt. a— ^»'.^v>^• 
^(C«|g-9r. JSSKiSti, ZMP (Ze r o Mo men 

t Poini)m&s {mm. ±mm. mmtt 

f^**§S^r*3V>K*«l!l$a«SiaJ3 5. 4 5. 5 5. 
6 5(ClK^irS. 

(0076l*Ur, «^CDfflMHiapai53 5. 45-"C 
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Siri'^ax-5iA,, A,-{cMt-clBtt»lltiWt#*W 
^•r*. cc'CM'i rzMPj iw, *fTtt>©iRS*«: 

i^:, rzMPfiiij itt, miiajKy n 0 ocDj^ 

(007 71 n oo{c^*oro-^- 

• ;^er-h«t* rHj6>-tt5j c4tcj:9. *tfJ:OfcilF 

10 [00781 :ifmmv\t. mmmc\m s tcn^r^n 

tiSa*S«fiS*fl«^SAfflMajKr^ H 0 0*. S6 
[ 0 0 7 9 1 la 1 0 (Ctt, 

[0 08 0] Hiotcfeur, o-XYZffiei»t*^ 

fc. O* -X' Y' Z' IS«ll%»a>K9 M 0 0£i«> 

EliaK:S^^^Mj^*f'^»''C«, i tt i #s 
(C#it6nteaj^*«^*^-C* 0 , m, » i «B© 
®^.©Sa, r • , » i »g©Kj^©fiiS-<i' h)V (fi 

30 <D(4S'<i' hMir' » <r' ... r' r' A 
U, ZMP©fil:ia^*'h;I'*r' 

[008 11010 «:*-r*«iB©s>s^<K*f'^p«: 
*it»rtt, *-y>h5s:t3«»:i6rg^©J^5fit?iBJ4S 

[ 0 0 8 2 1 C©J: 5 35e^>R^«l*f»^», «E*i«T 
[0 08 3] ( 1 ) I3>K7 h 1 0 0^{^O9fi^«^ 

40 (2) m^riftJgTJ-^.. «^©tS5g:^*, Ktmov 

( 4 } #Mj^m, r , «(f)'ll^^: (/, «©flS 
(5 ) ^{C]ftg|»il!^©»««j^-rj9ct>«St(t:@l±«ji 

[00841 ^ejssa(K*f ^ni, . "7 u 

50 -Z, • *f*;WDJ^»'CiajJf » HOD «;^l/yi:<>©7 



10 
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10 0 8 5] ^c*J, IS) 1 0 {Cfl^-r^e;^*f*^V©KS5«f 

n^vb 1 OOco^^M^^HittlH-t-f^KctoWSKSH^iao 
[0086] iXVi-r. :*^iSWK:*S-5AKMvajJ<9 h 1 

[0087] aiK? M*. as. iiifp-r*«r«:iF2&^ 
snfcii«i-'< jf - >{caeo rsMfisr a*> % r 4* f^* x 

■r-5J:^>(C%oru5. CC-C#5ZMP (Zero 
Moment P o i n t ) WiMtit. m^mtbO^ v 

htcfct^-c. SIS (Sb<ttfia) ***-jiarcRffl{c 

0'-X'rz':51«iai*a5R (TaaKjy hifctltttO 
[009 1] */c. tnKry h I 0 OOimiSSifi-lS. 
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[0088] :t^miim<D^ ') (c 1 r><mm»ifiQ sg^k 

i«cfl&/a6<ct>. ( r*^Sj <gai t) 4tt. i^Kin 

(0 08 9] 01 2«:tt. *g|;teW(K:(S-50jK-y h 1 0 

■5. mt^. WT-Ctt. 0 1 0 K^-r J: • #Hrgfc 

^^M^m-*f*^l'*fflt»rBjK5' h 1 0 OO^giSfiJrg 

[3^1] «:^-rj:^ft-'<9^-ar4^v»5C4i-r-5.. 

[0090] 
[3^1] 



20 



<r' ,.+ r,. = cons t) -C, flo. «aPHj^^ 
[0 0 9 2 ] 0 1 2{Cn^L)Uiaffi*Ja«. PjKs» h 1 0 

[0093] 3»>*>«a-1f . =IV> F»» ^m&m I 50 



©*ia3£u, X' sc^Y' ©s^rsjtc-^u-cjdetc^i-r 

[0094] >>:«C. im • ^^^^S^iK^T'Jl'iffi 

(.»r. fifis. im. *i/-c±ftei«»«:j:oi6^rie3t 
(M,. M,) *»tur* 9 1 2 ) . 



# 
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(0005] ^Ir^-C. im ' 0'Fm»n^i&M^fJ\'i: * 
trr/'Sl 3) . 

[0 09 61 >XU-C, WtMZMP±iCiilifi't-jt>h 

»o' -X' Y' z' ±-cJ«Wif* <»^si * 

+ mhHliia + V + gx)- nahgz fehx 
- mifi^y + rqy + gy )+ mfegz fety 
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j;o«^-r4*-^>h (M,. M,) ««»i^®5at 
• #^gMczMP35pe3S ( 1 ) t^mtrz. 

[0097] 



-'anpx>-My(t) 



<1) 



[00981 fflL. «T*«fiaifr&t©i-r*. 

[00991 



^ [»3] 



1)^+1^ «C01ISt 



[ o 1 0 0 1 -Ai^^-c. jj2<DZMP:^g3: ( i ) *m» 

imm *ffli»-czMP:^s5 < 1 ) ct-c. 
affilB**«e)ict*i-c*4 (;^5^»:/s 1 8) . cc 
>©jfc<H«?-c*»). J;»):R^fi!J{c«ZMP*ie^fiig«: 

(01011 nm^*iitis{m±'cu'3^ii>m&[^tcwn 

*->®Sia5e-«iE«ff5 (;^^»:^S 1 7) . C© 30 
(0 1 0 21 ±j£©J:5«:L.r»6*afc^a 

f!^)^c*^J^) «:*ji^*i9:«ZMP±©*-^>h (eM 
eM,) *Sta-r^ <;^f »:/s 18). ^iSapef* 

Jttl/r-5£-C**ifiJS»«cC») . 
[0 l0 3l)l6af*f*^P«:*jW4*-»h (eM,. 40 
eM,) IS8iJaM6©^T5*-y>h8SII'C* 
•5. iR<;^f^9:^S 1 9-C«. C<D*->>h<e 
M.. eM,) 3W*MS«'tf*;l'«c*jW'52rlH*-^>h«> 
«F^fit<eM.. eM,) *Si*>5*>4*l?g-r-5. W^fii 

^JfeftSCi^J-C^ftKO-C (Xf 5»:^S2 0) , ^^l/- 

[01041 fa:i^. i^*5*JU{C48W**-y > h ( e 
M,. eM,) 3&JJ8ffi*5*^«:*»W**--rf>KOflFSffi 50 



(cM.. eM,) IJti-rfcoyclS^tCW. iKffi^f'^PK: 
(eM.. eM,) *m>rja<K*f'-»l' 
{C*JW««ftI»^*>-^>h (M.. M,) *<*jEb-C 

(X5"c»:/s2 1) . mzfzMP^^msfDmm^mK 
[01051012 K.^-r{im9^micj:tiHi. ^ttw* 

smmifi6&mis/>^^f3:i^ms!i^tittiv h i o 

0 (08 *#M©C i ) ©JS^, sja^2 2 R/LWfii: 

iatRau©*^^)®^®^^. »©s^-r&*>%TK© 
r^j *J-S«:3e*«©'C. RSiJjW»'<*->*^ 

[0 1061 01 3{C». ^mWi0iK.^i>O^y 

h 1 0 o«:*ji>t:3Kjei/fc;j<*--^^ >i^jttrf^«rtf 93fc 

»©. &sts3b<mm!m^micvsti>m<ofH=&yvj'- 
h 1 oo©sMfi5ffia¥>ttf¥*i3ar*«»©ir 

(01071 »ftiai#J®». tuK* M 0 0©i«f^# 
ISO •^0)te^©«iff*J8m-r-5g©3i— !f . siv> 

. 3v> K*«Ji^-r«aij<7 h 1 0 o©«iimi. 

f^Y>e^«lf^*SltlcT«. (il/, a-if©Jgmtt. *© 
fl&©«Wt. ii3i^ail^©Jbte4«:#«:ffi<'»/t# 



# 
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. [01081 *>*»S:x— tf • Ktt. £fm>&^8 1 

[0109] IXK.. tm ' 

l»-C. JESP. -e-Lr±J8Bl«itCj:»)#6^r5^ 
(M,. M,) tr»m-r-5 <;^f-9:?'S3 2) . 

[0110] ^>:^,»-c. igg|bJ<ViBi*3Si«) ( r' r ' 

®»ia«i«ctt*ib-ciSit*ci)Wr*i. ifc. fft 
m^y-vs.^) «:jaffl-r4ci*i-c€r«®r. ft 

toil 1 ] '^XK^-c. ismzupixoy^vf-m. p- 
ji'tt*tot)<os*--><>h <M.. M,) {cot^-rfc^- 
10 112] i^i^-c. jggiJ*¥ffirtl)lii©7-<;x^S5: 

^»:/S3 5) . KS|5a«;cr)a<HJ»*i**i ix^v:fS 
3 6 ) . C C-C^6nsa<Hj»«. ^je*tfBltl*BS 

<r.,. r„) -C*?). J:0:Rttfl<>K:»ZMP*JaSfil 

(01131 »fii3nft:jaiH»±-c»^a>ia«i/?t«:» 

[0 1 1 4] ±j£©J:5{ci/rfi6nyt^#a 
«-»<af->4R\ur. )iKi8*f'^Krncto*. him*. 
mi'<m¥ni<c^< omm^httiiui^^v h i o o<di» 

fB)tc*f^l/) (C*}t^5l93eZMP±CD*-y>h (eM 
. . e M» ) (Xt^ T'S 3 8 ) . ^fJ^lSf^f' 

^l'"Ct*Jil8<D [»3] *iJj835[-i-SCt*«rtliO?b&i. 

[0115] «a*f*;l/{C*JW4*->y i/ f- < e M. . 

eM,) lit. wmmom&tii^-jtzyYfs^-vib 

«. «<X-f t.7'S3 9'C». CO*--><>h (e 
M. . e M, ) 3*tiS<H*f'il'{C*J»S^r-^ > KOft^fiS 
(eM.. eM,)$tc»;&>S«>««l;tre. t¥$ffle^i» 
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[01161 fl&^. i^af*f'JV{C4at:t-5*-^> h < e 
M,, eM,) *ia<R*'?'Jl'«C*il***-j{> KOIt^gfil 
( e M„ e M, ) £<±T?* -»fc«#«CB. mSi^^}\^K. 
JaWS^-jf^h (eM.. eM,) im^r^PiS?^*^' 

(M,. M,) *«iEUr 
10 (Xf^!»3rS4 1) , WCf7-«;x»«S5MLr. I*SE 

[01171 ^Mi«-T?*nw, 0 1 3 tx.7fnr!im^mi<c 
J:orfe. 01 2-c^0fc^!Hl*JilH4l3l«. mm»^ 

«a»7«2'c«>«9. i^cc, ZMP:«s^^iffi<;ji? 

iai*itfi${c««i)S4IWIi^{c. FFT (i^iS^-yxgg 
20 jft) %jafflr*c-fr*~y>hif«*®<)0*«jsfb 

[01181 »njSMb^USami:it. Mmnx^^mK) 
100 (H8*#M©C<t) CDiS^. &JSeU2 2R/L 

[0 1 1 91 ai 4~iai 8(C». n-=> • :f.ir'-y-4 
30 • ax 7 h 2 0 0 *Si!IJ»W«c««l/«:«a»ltta 
^Kf H0 0*i. ;^'jr-f^/>4>^Kifp«:J:»JiSii*4t> 

[0120101 4{cm-rJ:^>{c. a-r*)«i©JSMI»a 
-|*ri'5^aX-3»4®ttS-ei^i-0'C. :&jaj£%, 
U^vV 1 0 0<Oitff]^r&t>1&l^5'^W&»-f{Cb 

40 mmctc:!^om<Di>i1b^imi>x^J;i\.>tmiilnlt. 



t») . 

[0 1 2 1 1 3€.«c. aJSiS^glttSliraTJJCl^iltt 

•rsci«c<fc-3T. mm. ana. sc)^te6i@©i>-rn 

[01221 ±gai//c-jt©«llf^*{C». ZMP*g?)e 

ft^^@ii4s<i:ir^zMP8im@) (01 2:s(»iai 3« 



(12) 



21 



[ 0 1 2 3 ] itii. afiEii, < Bfflfi6iEit»rn*>© 
ci-jHA:^i^i«:8»it*.. c<DlS»< a»Kf h i 0 Ott. 

ffijtttf^iti«>. zMPtue»$oeBi (Bi 2^»iai s 
[0124] i^ab]iKv.«tM£<D^ttiS%£rig(£(t- lo 

[0125] 3iS(c, £SJlS«jSifi$'lir^(C(t-&IA 

■i-*ci{cj:ot:. ji^i. :&siiihI. so«&tsia©c>-rn 
*»*aH;?r«ci*5Tt*. 20 
[0126] ±gaL/yt-ji«)i6fp*K:«. zMPt^m 
mm^mmtnzMPmmm <Bii23^»iai3^ 

10 127)014-01 6{C5^^J:5&. im. jiff 

[0 12 81 ai7~ai9{ce:. O-^-Xir 

-^^>i'-ai9h200 ««Bntt»K:«g«l/fcJUI35 

[0 129] X-5r--f=-^>^tcJ:»)?S*ttJ<0Ja;Ky h 1 
0 0*«aL*Sl»«#±3-B-A:(r>itr{C«> :&JSJSi 

a£Sjs*«ptft/-cfrjti/rc»*«ss <0i si^moc 

i) 01 7«:S%^J:9«c. :&&smiy<ittE&m 40 

OiK?' h 1 0 0<W^ttja6EV,*iW»T«Ci*i"C«r 
■S. 

[ 0 1 3 0 ] COJ: ^ «c-iicD*0«6Jttf^f {c*jt>r. z 
MP«flB«KI«9 (01 2X«01 3«#MOCi) *tf5 
Ci«:J:-)r. a>K»H0 0©i«»*5Kffi^fc3-ttlE§a 

[0131] *4C»«v aJEilSiifefifijWfl/TKrjt 

t/r(/)-sti^ (01 bi^moct) 01 stem so 
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f«4a*i^lSl«:ifii < <fc ^ (c-r * c i "c. jftff *r6]K:fSf«:^ 

[0132] coJ: 5i6c-il©lS0SWlif^fK:*Jt»r. z 
MPIh^MtDP (01 2:5l»01 3«$li^(DC£) «ff9 
CiJcjcor. ajj<t» M 00<Oi^^«:«?E^tS^^<ESI 

(0133] |5»£o-9gU{c:rw-+ei6g* 

1 0 0©^«ii$ffV,*Jg{SIS-&(f±SHf*J:^K:t/r 
i>J:C» (01d«#MOCi). C<Di#^^. ZMPUl 

mm (0 1 23i^»0 1 3 =&0m<oct) «ff ^ c ^tc 
[0134] [jEfA] jgik. nm<immn^0mof3:i!fi 

[0135] *e9ifflStti-C». ayffv hhtmii y ^tt 
5i. «:?^ta-JV*i6i. *m3-fA7it»5 3a*a 

-sicifi. mm>i^^s.kt^s^m.n^v n o o i^not 

[0136] STStc. Wftt\.>'ifmiC-ima^W^ 

[0137] ##ODite«). Ara^a>K>^ KD58fi5*f'-'i' 
^%02O(c0iiii/r49<. ^0(c^0<-c(;j:. MKI 
fi{6«>6±R l^m®6. liTR ^lr7SCI^8iS84>e 

tt-sas^* r±Mj <ti¥A. SA:. ;^Mg55*>6j!iaagis 

■r-S. <*$fail©'>%4*«:l!ftMa91 l*»6i!WfW® 
1 0 *T®<OT* risspj iiq^A. imsifis 1 0 t 

3, jairi ssofjaasi 6*>6«cS8iJ»* ttjkj inf 

[0 13 8] a^ic. 02 i(c«. AnsMPiK? v<imo 
Mg5*f'ji'^«0)i?frt»s. ra0{c^rM». *m 
P9Sii 1 0 ^t^^it-cH 2 0 icm\^it.mt 

#ai5©««;«c-pc>-r«04#HHsnfc«r>. 'Sf^«c« 

©±»0«6*«^:^*5<c^. fit. iiMm^Wm 

tt»«Sl/«V>«^«ijb-&. B2 0K]:^2ir 
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[0 139] 

mtf -r -s c t tc J: o^JUttf^^sir -^ti^-r* c 
[0 140] */t. *^?S{cj:n«. a-^--;^er- 

[0141] :4:#&>»(cfl^^|lp^t<ia>K7 h(c^ti». 

ai^hw. midn^rai;iwiK:^i>ri&ji»a?t{cBsi»jmt 
?.nrt>«. i//fc*io"c. h*fl!i»)ii--iT2i:r 20 

■c. ffii^sftcijK-^ hit. ^ff-^^ffJSt^oasojwss; 

[01421 ?tjt^- -7 h«. it^l6l«C?So5fciiff* 

hom^f^^ms3»9bo^v Kmtf 30 
:^r{csto ffi-rc J: -o-caoisttf^iies-r ic 4*i-c 

[01431 wiCii;a6P'}<v h*i-it©?t^fp 

*IW±r5Ci*J'C*.S. 40 
m 1 1 *ISW<Z^«:«sn-5AIHS!n>i* H 0 0 

[02 ] :*i^m<mmKmti^/Mmo^y n 0 0 

[031 AiafflnjK5» h 1 OOOfijpKO-^- -y^ir 
[04] AMMajKy h 1 0 OOja^Ptca-^- • X-Jr 
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•5. 

[051 •X-5r-5^^>i/.a::^-y h2 00«:BSl 

Om:f6+iyt*iffi««{C-:)|,»r0<Wb-CC»4. 
[081 pfJSfcP-^ - h2 0 

oilxom/tAifflsaojj*!' h 1 0 0*188® jfewjfe-rs 
Rt)f^%8(r:^*>6iKiSL/t0-c<6-&. 

[071 WfitCD-^ • X'T—'f-'ily^f' ajiy h2 0 
0*BiOW*:teAlfflSnjKv h 1 0 0*JiSli*»3fe"«-4 

[081 2t^PII{C(iR4AfaaOJi<5; h 1 0 Qifimtt 

[091 :^-^mx.%i>j^mvi^-v V 1 0 ocom&i^ 

[010] ;4^«&Mtc|g2^fiHfflicDtt«tC!)/i:«e>(c9A 

^nsv Ammo^^ h i o o<oimBr>^'m<Ditm 
j^<a*f*ji'*wute0r*i. 
[011] 01 0(cml/:^a>l«7 h 1 ooo^K^m 
*f'^HC*jl^*jK6PJa2<DJfc:*:0r**. 
[012] ;!tmM(c^5AIBIMa>J<«y h 1 0 OifiSim 

[0131 :*3litW«:^*AiaaJcid<f h 1 0 o*i^;£ 

[014] U-'y • >if ' :3.:^y h 2 0 0* 

SUttMltcS^OfcWlS^ItSPsKi' h 1 0 0*1;:^ -Jr-^ 

^ > iftbit^n ^ i # cDssasott* t fc0t?* 

0. J:f)mfmica. n oo%ii:jt*st,»«ifiE 

[015] a-^ • X^r-f-^>4>'. JL;is» HEOO* 
«^«lJ(f«:i^l/AJ95S^H6o>J«?r h 1 0 0*iX4--f^ 

[016] • :^ir'~f-^Z/if- 3.c=.» h 2 0 0« 
*Bl«lWlfcSmLfc)WiC^J&niK2» h 1 0 OsWX-Jr— f- 

^ > ifsbii^in '> t *<DSffiji5©a6fr uyt0-c* 

[017] a— 5 • X^r-f-^i/i^. h2 0 0* 

^ > i/tbn^in 5 i »©siajs©«)* u a:0-c* 

[018] P--7-X^r-^^>i/.a-5,h2 0 0* 
SBJ»J«r{C$^t/ifeMW^ttO«K:' h 1 0 0*iX^-:f 
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0 . J: 0 ft(*W{c», a y H 0 0 *agti2SCF/Xtt * i 7 

f?±S-eSi*©J£iecDtti#*ji%Oft:ia-C*«. 19" 

tiaiQ] 0-^-;^ir-'^^>i^'ai?» h2 004 21 

^larnWiCl^ l/ytnu^tta >K 9M003»t;^er-^ 30 

0 > J; 0 ft(*W{ctt, n jK > n 0 0 *«iaac;/X« 5 2 
ffijh31i^&»CDMJiB<Dtt««ml/ft:ia'C««. 6 0 

( la 2 0 ] MSimo >K V H oHSii«f'^WJiS«^s^ca«)(c e 2 

mlytm-CAi, 8 0 

[02 1 ] AHMnjK"-' h©Mffii*f=Jl'«lli)6*«t^5W«: 10 8 2 

ml^Wa-CAS. 9 1 . 

in^<DSim'i 93- 

l-HSB. 2-mMfi»3-tt 100 

3-«rM8ill^5»m 4-«Wfi5a-Jl'« 20 0 

5-i*»l^t'^tt. 6Hmct-JHA 20 1 

T-tma-tt. a-JBMflltsr^'tt 20 2 

Q-JBRIflfa-^m, 10-±W3-tt 20 3 

1 i-jtmmiiy^^. 1 2-mmB-n 2 1 1 
1 3 '"^missm ^ V ^tt. 1 4 -^^MfSf o -^i/tt 2 1 1 

15 -#811. 16-Mia®3-« *20 2 1 3 
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laBBfiSl^fm 1 8-iaMfi5a-JH4 
KMfiSl^^m 2 0-fiirHfiii«^-^9^fA 

HSPai 5r h . 4 0 -imaila- y V 
Jilpa— 5 1 •••±JS83.i: 5>> 

h. 5 3-irj»3.-f h 
malai-? h. 8 1 •";*dBiaiIai7 V 

SSMgiSAu::.^ 6 3-EaiJ3.j:.» h 
9 2 -SJttJSB-b^-y 

B -Wi'n • X-/ »^ 
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